EP 3 985 794 A1

(19) Europdisches

Patentamt

European
Patent Office
Office européen

des brevets

(11) EP 3 985 794 A1

(12) EUROPEAN PATENT APPLICATION
(43) Date of publication: (51) International Patent Classification (IPC):
20.04.2022 Bulletin 2022/16 HO1Q 1/24 (2006.01) HO1Q 1/52 (2006.01)
HO1Q 21/26 (2006.07) HO1Q 5/364 (2015.01)
(21) Application number: 21201822.0 HO01Q 9/28 (2095.%)
(22) Date of filing: 11.10.2021 (562) Cooperative Patent Classification (CPC):

H01Q 1/246; HO1Q 1/521; H01Q 5/364;
H01Q 9/285; HO1Q 21/26

(84) Designated Contracting States: (71) Applicant: CommScope Technologies LLC

ALATBEBG CH CY CZDE DKEE ES FIFR GB
GRHRHUIEISITLILTLULV MC MK MT NL NO

Hickory, NC 28602 (US)

PL PT RO RS SE SI SK SM TR (72) Inventor: WU, Bo

Designated Extension States: Suzhou, 215021 (CN)

BA ME

Designated Validation States: (74) Representative: Parker, Andrew James
KH MA MD TN Meissner Bolte Patentanwilte

(30) Priority: 15.10.2020 CN 202011100811

Rechtsanwalte Partnerschaft mbB
Postfach 86 06 24
81633 Miinchen (DE)

(54) RADIATING ELEMENT AND BASE STATION ANTENNA

(567)  Aradiating element may have a dipole arm that
may include a first conductive circuit loop and a second
conductive circuit loop. The first conductive circuit loop
may include at least one narrow conductive segment and
at least one wide conductive segment, and the narrow
conductive segment may present high impedance char-

acteristics in at least one frequency band outside the op-
erating frequency band of the radiating element to sup-
press at least partially the current in the at least one fre-
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Description
CROSS-REFERENCE TO RELATED APPLICATION

[0001] The presentapplication claims the benefit of pri-
ority to Chinese Patent Application No.202011100811.0,
filed on October 15, 2020, and the entire contents of the
above-identified application are incorporated by refer-
ence as if set forth herein.

TECHNICAL FIELD

[0002] The present disclosure generally relates to ra-
dio communications and, more particularly, to a radiating
element and a base station antenna for a cellular com-
munications system.

BACKGROUND

[0003] Cellular communications systems are well
known in the art. In a cellular communications system, a
geographic area is divided into a series of regions that
are referred to as "cells" which are served by respective
base stations. The base station may include one or more
base station antennas that are configured to provide two-
way radio frequency ("RF") communications with mobile
subscribers that are within the cell served by the base
station.

[0004] In many cases, each base station is divided into
"sectors." In perhaps the most common configuration, a
hexagonally shaped cell is divided into three 120° sec-
tors, and each sector is served by one or more base
station antennas that have an azimuth Half Power Beam
width (HPBW) of approximately 65°. Typically, the base
station antennas are mounted on a tower structure, with
the radiation patterns (alsoreferred to herein as "antenna
beams") that are generated by the base station antennas
directed outwardly. Base station antennas are often im-
plemented as linear or planar phased arrays of radiating
elements.

[0005] In order to accommodate the ever-increasing
volumes of cellular communications, cellular operators
have added cellular services in a variety of new frequency
bands. While in some cases it is possible to use linear
arrays of so-called "wide-band" or "ultra wide-band" ra-
diating elements to provide service in multiple frequency
bands, in other casesitis necessary to use differentlinear
arrays or planar arrays of radiating elements to support
service in the different frequency bands.

[0006] As the number of frequency bands has prolifer-
ated, increased sectorization has become more common
(e.g., dividing a cell into six, nine or even twelve sectors),
and the number of base station antennas deployed at a
typical base station has increased significantly. However,
due to local zoning ordinances and/or weight and wind
loading constraints for the antenna towers, etc. there is
often a limit as to the number of base station antennas
that can be deployed at a given base station. In order to
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increase capacity without further increasing the number
of base station antennas, so-called multi-band base sta-
tion antennas have been introduced in which multiple
linear arrays of radiating elements are included in asingle
antenna. One very common multi-band base station an-
tenna includes one linear array of "low-band" radiating
elements that are used to provide service in some or all
of the 617-960 MHz frequency band, and two or four lin-
ear arrays of "mid-band" radiating elements that are used
to provide service in some or all of the 1427-2690 MHz
frequency band. These linear arrays of radiating ele-
ments are typically mounted in side-by-side fashion.
[0007] However, as the linear arrays of radiating ele-
ments are aligned closer together, the degree of signal
coupling between the linear arrays can increase signifi-
cantly. For example, the coupling interference between
the low-band radiating elements or between the high-
band radiating elements may increase. In addition, the
low-band radiating element may produce large scattering
effects on nearby mid-band radiating elements. This cou-
pling interference can negatively affect the correspond-
ing radiation pattern characteristics of the mid-band lin-
ear arrays. However, any change in the dimension of the
low-band radiating elements will also often affect the ra-
dio frequency performance of the low-band radiating el-
ements, for example, a change in their own working fre-
quency band, an increase in HPBW, etc.

SUMMARY

[0008] Therefore, an object of the present disclosure
is to provide a radiating element and a related base sta-
tion antenna capable of overcoming at least one draw-
back in the prior art.

[0009] According to afirst aspect of the present disclo-
sure, a radiating element is provided, and a dipole arm
of the radiating element may include a first conductive
circuit loop and a second conductive circuit loop which
is at least partially separated from the first conductive
circuit loop. The first conductive circuit loop may include
at least one narrow conductive segment and at least one
wide conductive segment. The narrow conductive seg-
ment may exhibit high impedance characteristics in at
least one frequency band outside an operating frequency
band of the radiating element so as to at least partially
suppress currents in the at least one frequency band.
[0010] According to a second aspect of the present
disclosure, a radiating element is provided, and a dipole
arm of the radiating element may include a first conduc-
tive circuit loop and a second conductive circuitloop. The
first conductive circuit loop may be provided on a first
main surface of a dielectric plate, a first part of the second
conductive circuit loop may be provided on the first main
surface of the dielectric plate, and a second part of the
second conductive circuitloop may be provided on a sec-
ond main surface of the dielectric plate.

[0011] According to a third aspect of the present dis-
closure, a base station antenna is provided, and the base
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station antenna includes a feed board and the radiating
element according to the present disclosure mounted on
the feed board.

BRIEF DESCRIPTION OF THE DRAWINGS

[0012] In the drawings:

FIG. 1 is a schematic perspective view of a base
station antenna according to some embodiments of
the present disclosure;

FIG. 2 is a schematic front view of an antenna as-
sembly in the base station antenna of FIG. 1;

FIG. 3 is a schematic perspective view of a radiating
element according to some embodiments of the
present disclosure;

FIG. 4 is a schematic current distribution diagram of
the radiating element of FIG. 3;

FIG. 5a is a schematic front view of a radiating ele-
mentaccording to some embodiments of the present
disclosure, where an additional conductive segment
on a second main surface of a dielectric plate is ad-
ditionally shown;

FIG. 5b is a schematic view of a first main surface
of the dielectric plate of a dipole arm portion of the
radiating element of FIG. 5a;

FIG. 5cis a schematic view of a second main surface
of the dielectric plate of a dipole arm portion of the
radiating element of FIG. 5a.

DETAILED DESCRIPTION

[0013] The disclosure will be described below with ref-
erence to the appended drawings, and the appended
drawings illustrate several embodiments of the disclo-
sure. However, it should be understood that the disclo-
sure may be presented in many different ways and is not
limited to the embodiments described below; in fact, the
embodiments described below are intended to make the
disclosure of the disclosure more complete and to fully
explain the protection scope of the disclosure to those
skilled in the art. It should also be understood that the
embodiments disclosed in the disclosure may be com-
bined in various ways so as to provide more additional
embodiments.

[0014] It should be understood that in all the appended
drawings, the same reference numerals and signs de-
note the same elements. In the appended drawings, the
dimensions of certain features can be distorted for clarity.
[0015] It should be understood that the terms in the
specification are only used to describe specific embodi-
ments and are notintended to limit the disclosure. Unless
otherwise defined, all terms (including technical terms
and scientific terms) used in the specification have the
meanings commonly understood by those skilled in the
art. For brevity and/or clarity, well-known functions or
structures may not be described in detail.

[0016] The singular forms "a," "an," "the" and "this"
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used in the specification all include plural forms unless
clearly indicated. The words "include," "contain" and
"have" used in the specification indicate the presence of
the claimed features, but do not exclude the presence of
one or more other features. The word "and/or" used in
the specification includes any or all combinations of one
or more of the related listed items. The words "between
X and Y" and "between approximate X and Y" used in
the specification shall be interpreted as including X and
Y. As used herein, the wording "between about X and Y"
means "between about X and about Y," and as used here-
in, the wording "from about X to Y" means "from about X
to about Y."

[0017] Inthe specification, when an elementis referred
to as being "on," "attached" to, "connected" to, "coupled"
with, "contacting," etc., another element, it can be directly
on, attached to, connected to, coupled with or contacting
another element or an intervening element may also be
present. In contrast, if an element is described "directly"
"on" another element, "directly attached" to another ele-
ment, "directly connected" to another element, "directly
coupled" to another element or "directly contacting" an-
other element, there will be no intermediate elements. In
the specification, a feature that is arranged "adjacent" to
another feature, may denote that a feature has a part that
overlaps an adjacent feature or a part located above or
below the adjacent feature.

[0018] Inthe specification, terms expressing spatial re-
lations such as "upper," "lower," "left," "right," "front,"
"rear," "top," and "bottom" may describe the relation be-
tween one feature and another feature in the appended
drawings. It should be understood that, in addition to the
orientations shown in the appended drawings, the terms
expressing spatial relations further include different ori-
entations of a device in use or operation. For example,
when a device in the appended drawings rotates reverse-
ly, the features originally described as being "below" oth-
er features now can be described as being "above" the
other features. The device may also be oriented in other
directions (rotated by 90 degrees or in other orientations),
and in this case, a relative spatial relation will be ex-
plained accordingly.

[0019] Embodiments of the presentdisclosure will now
be described in more detail with reference to the accom-
panying drawings.

[0020] FIG. 1is aschematic perspective view of a base
station antenna 100 according to some embodiments of
the present disclosure, and FIG. 2 is a schematic front
view of an antenna assembly 200 in the base station
antenna 100 of FIG. 1.

[0021] As shown in FIG. 1, the base station antenna
100 is an elongated structure that extends along a lon-
gitudinal axis L. The base station antenna 100 may have
a tubular shape with a generally rectangular cross-sec-
tion. The base station antenna 100 includes a radome
110 and a top end cap 120. One or more mounting brack-
ets 150 are provided on the rear side of the radome 110
which may be used to mount the base station antenna
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100 onto an antenna mount 150 (not shown) on, for ex-
ample, an antenna tower. The base station antenna 100
also includes a bottom end cap 130 which includes a
plurality of connectors 140 mounted therein. The base
station antenna 100 is typically mounted in a vertical con-
figuration (e.g., the longitudinal axis L may be generally
perpendicular to a plane defined by the horizon when the
base station antenna 100 is mounted for normal opera-
tion).

[0022] As shown in FIG. 2, the base station antenna
100 includes an antenna assembly 200 that may be sli-
dably inserted into the radome 110. The antenna assem-
bly 200 includes a reflector 210 and a plurality of arrays
of radiating elements mounted on the reflector 210. The
reflector 210 may be used as a ground plane structure
for each radiating element, and each radiating element
is mounted to extend forwardly (in a forward direction F)
from the reflector 210. The arrays may be, for example,
linear arrays of radiating elements or two-dimensional
arrays of radiating elements. In some embodiments, the
arrays may extend substantially along the entire length
of the base station antenna 100. In other embodiments,
the arrays may also extend only partially along the length
dimension of the base station antenna 100. These arrays
may extend from the lower end to the upper end of the
base station antenna 100 in a vertical direction V, which
may be the direction of a longitudinal axis L of the base
station antenna 100 or may be parallel to the longitudinal
axis L. The vertical direction V is perpendicular to a hor-
izontal direction H and a forward direction F (see FIG. 1).
[0023] In the embodiment of FIG. 2, six linear arrays
of radiating elements are exemplarily shown: two low-
band arrays 302-1302-2, two mid-band arrays 402-1,
402-2, and two mid-band arrays 502-1, 502-2, where the
two low-band arrays 302-1, 302-2 are schematically rep-
resented as each having a single low-band radiating el-
ement 300. The operating frequency band of the low-
band radiating elements 300 may be, for example, 617
MHz to 960 MHz or one or more partial ranges thereof.
The operating frequency band of the mid-band radiating
elements 400 may be, for example, 1427 MHz to 2690
MHz or one or more partial ranges thereof. The operating
frequency band of the mid-band radiating elements 500
may be, for example, 1690 MHz to 2690 MHz or one or
more partial ranges thereof. In other embodiments, an
array of high-band radiating elements may also be pro-
vided, and the operating frequency band thereof may be
3 GHz to 5.8 GHz or one or more partial ranges thereof.
[0024] Next, the radiating element 300 according to
some embodiments of the present disclosure will be de-
scribed in more detail with reference to FIGS. 3 and 4.
In the embodiments of FIGS. 3 and 4, the radiating ele-
ment 300 may be configured as a low-band radiating el-
ement of FIG. 2 to transmit and receive RF signals in a
frequency band such as 617-960 MHz frequency range
or a portion thereof. In other embodiments, the radiating
elements may also be configured as other frequency
band radiating elements. In other embodiments, the ra-
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diating element 300 may also be configured as a wide-
band radiating element.

[0025] FIG. 3 shows a schematic perspective view of
the radiating element 300. In the embodiment of FIG. 3,
the radiating element 300 includes a cross radiator that
is formed of sheet metal. The cross radiator may be sup-
ported on a dielectric plate which is a supporting structure
360. The sheet metal radiators are advantageous in that:
firstly, the sheet metal radiators are lower in cost; sec-
ondly, the sheet metal radiators may be formed to have
any desired thickness, and hence may exhibit improved
impedance matching and/or reduced signal transmission
losses; thirdly, the sheet metal radiators may be readily
provided with low levels of surface roughness, which may
result in improved passive intermodulation ("PIM") dis-
tortion performance.

[0026] The cross radiator structure includes a first di-
pole radiator and a second dipole radiator. Each dipole
radiator includes a pair of dipole arms 310. It should be
understood that the specific configuration of the dipole
arm 310 is not limited in the present disclosure. In other
embodiments, the dipole arm 310 of the radiating ele-
ment may be formed as a printed circuit board dipole arm
that comprises a printed metal pattern on a dielectric
plate.

[0027] Each dipole arm 310 of the radiating element
300 may include an annular arm or conductive circuit
loop (hereinafter referred to as the first conductive circuit
loop 330) constituted by at least one narrow conductive
segment 370 and at least one wide conductive segment
380. Each first conductive circuit loop 330 may include
two conductive paths, wherein a first conductive path
forms half of the dipole arm 310, and a second conductive
path forms the other half of the dipole arm 310. The nar-
row conductive segment 370 may be configured as a
meandered arm segment to increase the path length
thereof, thereby facilitating the compactness of the radi-
ating element 300 and/or a desired filtering effect with
respect to high-band radiation. The wide conductive seg-
ment 380 may have a first width and the narrow conduc-
tive segment 370 may have a second width. The first
width of each wide conductive segment 380 and the sec-
ond width of each narrow conductive segment 370 need
not to be constant. Therefore, in some instances refer-
ence will be made to the average widths of the wide con-
ductive segment 380 and the narrow conductive segment
370. The average width of each wide conductive segment
380 may be, for example, at least twice the average width
of each narrow conductive segment 370. In otherinstanc-
es, the average width of each wide conductive segment
380 may be, for example, atleast three times, four times,
five times, six times, eight times, or ten times the average
width of each narrow conductive segment 370.

[0028] The first conductive path and the second con-
ductive path are spaced apart from each other at least
over part of the segments, that is, there is a gap 320
between the first conductive path and the second con-
ductive path. In some cases, the gap 320 between a first
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wide conductive segment 380 of the first conductive path
and a second wide conductive segment 380 of the sec-
ond conductive path opposite thereto may be 2.5,2,1.75,
1.5, 1.25, 1 or 0.5 times the first width of the wide con-
ductive segment 380. A large gap makes it possible to
shorten the end-to-end length of the dipole arm 310 and
therefore contributes to the compactness of the radiating
element 300.

[0029] Further,the meandered narrow conductive seg-
ment 370 may be implemented as a non-linear conduc-
tive segment, and may act as a high impedance segment
that at least partially suppresses or interrupts currents
within a high-band and/or a mid-band range that could
otherwise be induced on the first conductive circuit loop
330. As such, the narrow conductive segment 370 may
reduce induced high-band and/or mid-band currents on
the low-band radiating element 300, thereby further re-
ducing the scattering effect of the low-band radiating el-
ement 300 on the high-band and/or mid-band radiating
elements. The narrow conductive segment 370 may
make the first conductive circuit loop 330 almostinvisible
to the high-band and/or mid-band radiating elements,
and thus endows the low-band radiating element 300 with
a cloaking function. It is advantageous for the low-band
radiating element 300 to have such a cloaking function
because the less high-band and/or mid-band currents
induced on the dipole arm 310 of the low-band radiating
element 300, the smaller impact on the radiation pattern
characteristics of the linear array of high-band and/or
mid-band radiating elements.

[0030] However, due to the design of the first conduc-
tive circuit loop 330 of the dipole arm 310 of the radiating
element 300, the operating frequency band of the radi-
ating element 300 related to the first conductive circuit
loop 330 may change. For example, the operating fre-
quency band may be narrowed and/or the location of the
center frequency of the operating frequency band may
shift. These changes in the operating frequency band
negatively affect the stable RF performance of the radi-
ating element 300 within its set operating frequency
band. In some embodiments, the set operating frequency
band of the radiating element 300 may be, for example,
617-960 MHz. However, the first conductive circuit loop
330 of the radiating element 300 cannot work in the entire
operating frequency band as required. For example, in
some embodiments, the first conductive circuit loop 330
can only work in the sub-band 617-860 MHz, and cannot
obtain good radiation performance in the sub-band
860-960 MHz. In other embodiments, the first conductive
circuit loop 330 can only work in the sub-band 760-960
MHz, and cannot obtain good radiation performance in
the sub-band 617-760 MHz.

[0031] In order to improve the RF performance of the
radiating element 300 in a predetermined operating fre-
quency band, a radiating arm based on a multi-reso-
nance circuit is proposed. Continuing to refer to FIG. 3,
the dipole arms 31 Oof the radiating elements 300 may
include a plurality of conductive circuit loops. In the em-
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bodiment of FIG. 3, the dipole arms 310 may include a
first conductive circuit loop 330 and a second conductive
circuit loop 340. The first conductive circuit loop 330 may
be configured as a first resonance circuit, which may be
designed for a first sub-band in the operating frequency
band of the radiating element 300. The second conduc-
tive circuit loop 340 may be configured as a second res-
onance circuit, which may be designed for a second sub-
band in the operating frequency band of the radiating
element 300. In other words, the resonance frequency
of the first resonance circuit can be designed as the cent-
er frequency of the first sub-band, and the resonance
frequency of the second resonance circuit can be de-
signed as the center frequency of the second sub-band.
The resonance frequency of the first resonance circuit is
smaller than the resonance frequency of the second res-
onance circuit. The first sub-band and the second sub-
band may respectively occupy a part of the operating
frequency band and together constitute the entire oper-
ating frequency band. In the embodiment of FIG. 3, the
first sub-band and the second sub-band may be designed
to have frequency bands which are partially overlapped
or have frequency bands which are completely separat-
ed. In some embodiments, the first sub-band may be
designed as a lower portion of the operating frequency
band, such as 617-860 MHz, and the second sub-band
may be designed as a higher portion of the operating
frequency band, such as 860-960 MHz. In other embod-
iments, the first sub-band may be designed as a lower
portion of the operating frequency band, such as 617-900
MHz, and the second sub-band may be designed as a
higher portion of the operating frequency band, such as
860-960 MHz. In other embodiments, the first sub-band
may be designed as a higher portion of the operating
frequency band, and the second sub-band may be de-
signed as a lower portion of the operating frequency
band.

[0032] In the embodiment of FIG. 3, the second con-
ductive circuit loop 340 may be in the first conductive
circuitloop 330 and have a common conductive segment
with the first conductive circuit loop 330. The common
conductive segment may include at least a part of the
wide conductive segment and/or at least a part of the
narrow conductive segment on the first conductive circuit
loop 330. In addition, the dipole arm 310 may further in-
clude an additional conductive segment 350, which may
be used as a separate segment separately attached to
the second conductive circuit loop 340 to bridge within
the first conductive circuit loop 330. The additional con-
ductive segment 350 may be configured to short the first
conductive circuit loop 330. In some embodiments, the
additional conductive segment 350 may be bridged from
a first wide conductive segment to a second wide con-
ductive segment, for example, an opposite second wide
conductive segment, of the first conductive circuit loop
330, thereby being electrically connected with the com-
mon conductive segment to form the second conductive
circuit loop 340. In other embodiments, the additional
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conductive segment 350 may also be bridged from any
wide conductive segment to any narrow conductive seg-
ment of the first conductive circuit loop 330, or bridged
from any narrow conductive segment to any wide or nar-
row conductive segment of the first conductive circuit
loop 330. In order to provide the additional conductive
segment 350, the supporting structure 360 of the radiat-
ing element may be provided with a bridging portion 361
bridging the first conductive circuit loop 330. The addi-
tional conductive segment 350 may have a narrower di-
mension, for example, may have a width equal to or less
than 2 mm, 1.5 mm, 1 mm, 0.8 mm, 0.7 mm, 0.5 mm,
0.2 mm. In some embodiments, the additional conductive
segment 350 may also be configured as a meandered
non-linear conductive segment. The additional conduc-
tive segment 350 may act as a high impedance segment
that at least partially suppresses or interrupts currents
within a high-band and/or a mid-band range that could
otherwise be induced on the second conductive circuit
loop 340, thereby further reducing the scattering effect
of the low-band radiating element 300 on the high-band
and/or mid-band radiating elements.

[0033] Inthe embodiment of FIG. 3, since the second
conductive circuit loop 340 is inside the first conductive
circuit loop 330 and the path length of the second con-
ductive circuit loop 340 is smaller than the path length of
the first conductive circuit loop 330, the second conduc-
tive circuit loop 340 can be designed for a higher sub-
band and the first conductive circuit loop 330 can be de-
signed for a lower sub-band. However, in other embod-
iments, the second conductive circuit loop 340 may also
be provided outside the first conductive circuit loop 330,
for example, the additional conductive segment 350 may
be provided outside the first conductive circuit loop 330.
In this case, the path length of the second conductive
circuit loop 340 is larger than the path length of the first
conductive circuit loop 330, and thus the second conduc-
tive circuit loop 340 can be designed for a lower sub-
band and the first conductive circuit loop 330 can be de-
signed for a higher sub-band.

[0034] FIG. 4 is a schematic current distribution dia-
gram of the radiating element of FIG. 3. By appropriately
designing the first conductive circuit loop 330 and the
second conductive circuit loop 340, the current distribu-
tion on the dipole arms 310 can become more balanced,
thereby improving the RF performance of the radiating
element. In some embodiments, currents can be shunted
on the dipole arms 310 by appropriately designing the
additional conductive segment 350. In other words, an
appropriate amount of currents will flow through the ad-
ditional conductive segment 350, thereby reducing the
current amplitude on a partial area of the dipole arms 310
to make the current distribution more even.

[0035] It should be understood that the radiating ele-
ment may also be provided with more conductive circuit
loops, for example, forming three conductive circuit loops
by providing two additional conductive segments 350,
and details are not described herein again.
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[0036] Next, a radiating element 300° according to
some embodiments of the present disclosure will be de-
scribed in more detail with reference to FIGS. 5a to 5c.
It should be understood that the above descriptions re-
lating to the radiating element 300 in FIGS. 3 and 4 can
be directly applied to the radiating element 300’, and only
the differences from the radiating element 300 are de-
scribed herein.

[0037] FIG. 5ais aschematic front view of the radiating
element 300’ and additionally shows an additional con-
ductive segment 350’ on a second main surface of a di-
electric plate 360’ (it should be understood that the ad-
ditional conductive segment 350’ cannot be seen in the
schematic front view). As shown in FIG. 5a, in order to
form a second conductive circuit loop 340’, at least one
additional conductive segment 350° may be provided on
the second main surface of the dielectric plate 360’ as a
supporting structure. The additional conductive segment
350’ may be electrically coupled (e.g., capacitively cou-
pled) with a first conductive circuit loop 330’ on the first
main surface of the dielectric plate, so that the additional
conductive segment 350’ can be electrically coupled with
the common conductive segment on the first main sur-
face of the additional conductive segment 350’ to form
the second conductive circuit loop 340’

[0038] FIG. 5bis aschematic view of a dipole arm 310’
portion of the radiating element 300’ provided on a first
main surface 361’ of the dielectric plate 360’. The dipole
arm 310’ portion is configured as the first conductive cir-
cuit loop 330’ including at least one narrow conductive
segment 370’ and at least one wide conductive segment
380’. Details are not described herein again.

[0039] FIG. 5c is a schematic view of the dipole arm
310’ portion of the radiating element 300’ provided on a
second main surface 362’ of the dielectric plate 360’. The
dipole arm 310’ portion is configured as the additional
conductive segment 350’. As shown in FIGS. 5a and 5c,
the additional conductive segment 350’ may include a
first coupling portion 351’, a first coupling portion 352’,
and a conductive segment 353’ connected between the
first coupling portion 351" and the first coupling portion
352’. The first coupling portion 351’ may be electrically
coupled with the first conductive circuit loop 330, and
the first coupling portion 352’ may be electrically coupled
with the first conductive circuit loop 330'. In the current
embodiment, the first coupling portion 351" may be elec-
trically coupled with a first wide conductive segment 380’
of the first conductive circuit loop 330, and the first cou-
pling portion 352’ may be electrically coupled with a sec-
ond wide conductive segment 380’ of the first conductive
circuit loop 330’, wherein the first wide conductive seg-
ment and the second wide conductive segment may be
opposite to each other. In addition, the first coupling por-
tion 351" may be configured as a first wide segment, the
first coupling portion 352’ may be configured as a second
wide segment, and the conductive segment 353’ con-
nected between the first coupling portion 351" and the
first coupling portion 352’ may be configured as a narrow
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segment, thereby constituting a capacitance-induct-
ance-capacitance (CLC) structure. The CLC structure is
advantageous, and the currentdistribution on the second
conductive circuit loop 340’ can be changed by designing
the CLC structure. In some instances, the CLC structure
may act as a high impedance segment that can interrupt
currents in at least one frequency band outside the op-
erating frequency band of the radiating element that
could otherwise be induced on the second conductive
circuit loop 340’, thereby further reducing the scattering
effect of the radiating element on radiating elements in
other frequency bands.

[0040] Inview of the above, the present disclosure pro-
vides at least the following embodiments.

[0041] Some embodiments provide, a radiating ele-
ment. The radiating element may include a dipole arm
including a first conductive circuit loop and a second con-
ductive circuit loop which is at least partially separated
from the first conductive circuit loop. The first conductive
circuit loop may include at least one narrow conductive
segment and at least one wide conductive segment, and
the narrow conductive segment may exhibit high imped-
ance characteristics in at least one frequency band out-
side an operating frequency band of the radiating ele-
ment to suppress at least partially currents in the at least
one frequency band.

[0042] In some embodiments, the first conductive cir-
cuit loop may be configured as a first resonance circuit
and the second conductive circuitloop may be configured
as a second resonance circuit, and the first resonance
circuit may have a resonance frequency different from
that of the second resonance circuit.

[0043] Insome embodiments, the resonance frequen-
cy of the first resonance circuit may be smaller than the
resonance frequency of the second resonance circuit.
[0044] In some embodiments, the first conductive cir-
cuitloop and the second conductive loop have a common
conductive segment.

[0045] In some embodiments, the dipole arm of the
radiating element further includes an additional conduc-
tive segment, and the additional conductive segment and
the common conductive segment may be electrically con-
nected to form the second conductive circuit loop.
[0046] In some embodiments, the additional conduc-
tive segment may be configured to short the first conduc-
tive circuit loop.

[0047] In some embodiments, the additional conduc-
tive segment may be bridged from a first wide conductive
segment of the first conductive circuit loop to a second
wide conductive segment of the first conductive circuit
loop.

[0048] In some embodiments, the dipole arm of the
radiating element may be a sheet metal dipole arm, and
the radiating element further may include a supporting
structure. The first conductive circuit loop and the addi-
tional conductive segment may be both provided on a
first main surface of the supporting structure.

[0049] Insome embodiments, the supporting structure
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has a bridging portion, and the additional conductive seg-
ment is provided on the bridging portion.

[0050] In some embodiments, the dipole arm of the
radiating element may be a printed circuit board dipole
arm that comprises a metal pattern printed on a dielectric
substrate, and the first conductive circuit loop and the
additional conductive segment may be both printed on a
first main surface of the dielectric substrate.

[0051] In some embodiments, the dipole arm of the
radiating elementmay also include atleast one additional
conductive segment, and the additional conductive seg-
ment and the common conductive segment may be elec-
trically coupled to form the second conductive circuit
loop.

[0052] In some embodiments, the additional conduc-
tive segment may include a first coupling portion, a sec-
ond coupling portion, and a conductive segment connect-
ed between the first coupling portion and the second cou-
pling portion.

[0053] Insome embodiments, the first coupling portion
may be electrically coupled with the first wide conductive
segment of the first conductive circuit loop, and the sec-
ond coupling portion may be electrically coupled with the
second wide conductive segment of the first conductive
circuit loop.

[0054] Insome embodiments, the first coupling portion
may be configured as a first wide segment, the second
coupling portion may be configured as a second wide
segment, and the additional conductive segment may be
configured as a narrow segment.

[0055] Insomeembodiments, the first wide conductive
segment and the first coupling portion, the conductive
segment connected between the first coupling portion
and the second coupling portion, and the second wide
conductive segment and the second coupling portion
may together constitute a capacitance-inductance-ca-
pacitance structure.

[0056] In some embodiments, the dipole arm of the
radiating element may be configured as a sheet metal,
the radiating element may include a supporting structure,
the first conductive circuit loop may be provided on a first
main surface of the supporting structure, the supporting
structure may have a bridging portion, and the additional
conductive segment may be provided on a second main
surface of the supporting structure opposite to the first
main surface.

[0057] In some embodiments, the dipole arm of the
radiating element may be a printed circuit board dipole
arm that comprises a metal pattern printed on a dielectric
substrate, the first conductive circuit loop may be printed
on a first main surface of the dielectric substrate, and the
additional conductive segment may be printed on a sec-
ond main surface of the dielectric substrate that is oppo-
site the first main surface.

[0058] In some embodiments, the first conductive cir-
cuit loop may include two conductive paths, the first con-
ductive path may form a half of the first conductive circuit
loop, the second conductive path may form another half
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of the first conductive circuit loop, and there may be a
gap between the first conductive path and the second
conductive path.

[0059] In some embodiments, the narrow conductive
segment may be configured as a meandered non-linear
conductive segment, and the non-linear conductive seg-
ment may act as a high impedance segment that may
interrupt at least partially currents in at least one frequen-
cy band outside the operating frequency band of the ra-
diating element that could otherwise be induced on the
first conductive circuit loop.

[0060] In some embodiments, the additional conduc-
tive segment may be configured to be capable of at least
partially interrupting currents in at least one frequency
band outside the operating frequency band of the radi-
ating element that could otherwise be induced on the
second conductive circuit loop.

[0061] Some embodiments of the present disclosure
provide a radiating element that may have a dipole arm
that includes a first conductive circuit loop provided on a
first main surface of a dielectric plate and a second con-
ductive circuit loop having a first part provided on the first
main surface of the dielectric plate and a second part
provided on a second main surface of the dielectric plate.
[0062] In some embodiments, the first part of the sec-
ond conductive circuit loop may be configured as a com-
mon conductive segment shared with the first conductive
circuit loop.

[0063] In some embodiments, the first conductive cir-
cuit loop may be configured as a first resonance circuit
and the second conductive circuitloop may be configured
as a second resonance circuit. The first resonance circuit
may have a resonance frequency smaller than that of the
second resonance circuit.

[0064] In some embodiments, the second part of the
second conductive circuit loop may include a first cou-
pling portion, a second coupling portion, and a conductive
segment connected between the first coupling portion
and the second coupling portion.

[0065] In some embodiments, the first conductive cir-
cuit loop and the first coupling portion, the conductive
segment connected between the first coupling portion
and the second coupling portion, and the first conductive
circuit loop and the second coupling portion may consti-
tute a capacitance-inductance-capacitance structure.
[0066] In some embodiments, the dipole arm of the
radiating element may be a sheet metal dipole arm, the
first conductive circuit loop may be supported on a first
main surface of the dielectric plate, the dielectric plate
may have a bridging portion, and the second part of the
second conductive circuit loop may be supported on a
second main surface of the dielectric plate opposite to
the first main surface so that the second part of the sec-
ond conductive circuit loop may bridge over the first con-
ductive circuit loop on the second main surface.

[0067] In some embodiments, the dipole arm of the
radiating element may be configured as a printed circuit
board dipole arm that comprises a metal pattern printed
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on a dielectric substrate, the first conductive circuit loop
may be printed on the first main surface of the dielectric
substrate, and the second part of the second conductive
circuit loop may be printed on the second main surface
of the dielectric substrate that is opposite the first main
surface.

[0068] Some embodiments of the present disclosure
provide a base station antenna that may include a feed
board; and a radiating element mounted on the feed
board. The radiating element may include a dipole arm
that includes a first conductive circuit loop provided on a
first main surface of a dielectric plate and a second con-
ductive circuit loop having a first part provided on the first
main surface of the dielectric plate and a second part
provided on a second main surface of the dielectric plate.
[0069] Although exemplary embodiments of the
present disclosure have been described, those skilled in
the art should appreciate that many variations and mod-
ifications are possible in the exemplary embodiments
without materially departing from the spirit and scope of
the presentdisclosure. Therefore, all variations and mod-
ifications are included in the protection scope of the
present disclosure defined by the claims.

[0070] The preferred aspects of the presentdisclosure
may be summarized as follows:

1. Aradiating element, characterized in that a dipole
arm of the radiating element includes a first conduc-
tive circuit loop and a second conductive circuit loop
which is at least partially separated from the first con-
ductive circuit loop, wherein the first conductive cir-
cuit loop includes at least one narrow conductive
segment and at least one wide conductive segment,
and the narrow conductive segment exhibits high im-
pedance characteristics in at least one frequency
band outside an operating frequency band of the ra-
diating element so as to at least partially suppress
currents in the at least one frequency band.

2. Theradiating element according to aspect 1, char-
acterized in that the first conductive circuit loop is
configured as a first resonance circuit and the sec-
ond conductive circuitloop is configured as a second
resonance circuit, wherein the first resonance circuit
has a resonance frequency different from that of the
second resonance circuit.

3. The radiating element according to any one of the
preceding aspects, in particular aspect 2, character-
ized in that the resonance frequency of the first res-
onance circuitis smaller than the resonance frequen-
cy of the second resonance circuit.

4. The radiating element according to any one of the
preceding aspects, in particular aspect 1, character-
ized in that the first conductive circuit loop and the
second conductive loop have a common conductive
segment.
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5. The radiating element according to any one of the
preceding aspects, in particular aspect 4, character-
ized in that the dipole arm of the radiating element
further includes an additional conductive segment,
and the additional conductive segment and the com-
mon conductive segment are electrically connected
to form the second conductive circuit loop.

6. The radiating element according to any one of the
preceding aspects, in particular aspect 5, character-
ized in that the additional conductive segmentis con-
figured to short the first conductive circuit loop.

7. The radiating element according to any one of the
preceding aspects, in particular aspect 5 or 6, char-
acterized in that the additional conductive segment
is bridged from a first wide conductive segment of
the first conductive circuit loop to a second wide con-
ductive segment of the first conductive circuit loop.

8. The radiating element according to any one of the
preceding aspects, in particular aspect 4 or 5, char-
acterized in that the dipole arm of the radiating ele-
ment is a sheet metal dipole arm, the radiating ele-
ment further includes a supporting structure, and the
first conductive circuit loop and the additional con-
ductive segment are both provided on a first main
surface of the supporting structure.

9. The radiating element according to any one of the
preceding aspects, in particular aspect 8, character-
ized in that the supporting structure has a bridging
portion, and the additional conductive segment is
provided on the bridging portion.

10. The radiating element according to any one of
the preceding aspects, in particular aspect 4 or 5,
characterized in that the dipole arm of the radiating
element is a printed circuit board dipole arm that
comprises a metal pattern printed on a dielectric sub-
strate, and the first conductive circuit loop and the
additional conductive segment are both printed on a
first main surface of the dielectric substrate.

11. The radiating element according to any one of
the preceding aspects, in particular aspect 3, char-
acterized in that the dipole arm of the radiating ele-
ment further includes atleast one additional conduc-
tive segment, and the additional conductive segment
and the common conductive segment are electrically
coupled to form the second conductive circuit loop.

12. The radiating element according to any one of
the preceding aspects, in particular aspect 11, char-
acterized in that the additional conductive segment
includes a first coupling portion, a second coupling
portion, and a conductive segment connected be-
tween the first coupling portion and the second cou-
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pling portion.

13. The radiating element according to any one of
the preceding aspects, in particular aspect 12, char-
acterized in that the first coupling portion is electri-
cally coupled with the first wide conductive segment
of the first conductive circuit loop, and the second
coupling portion is electrically coupled with the sec-
ond wide conductive segment of the first conductive
circuit loop.

14. The radiating element according to any one of
the preceding aspects, in particular aspect 13, char-
acterized in that the first coupling portion is config-
ured as a first wide segment, the second coupling
portion is configured as a second wide segment, and
the additional conductive segment is configured as
a narrow segment.

15. The radiating element according to any one of
the preceding aspects, in particular aspect 14, char-
acterized in that the first wide conductive segment
and the first coupling portion, the conductive seg-
ment connected between the first coupling portion
and the second coupling portion, and the second
wide conductive segment and the second coupling
portion together constitute a capacitance-induct-
ance-capacitance structure.

16. The radiating element according to any one of
the preceding aspects, in particular aspects 11 to
15, characterized in that the dipole arm of the radi-
ating element is configured as a sheet metal, the
radiating element furtherincludes a supporting struc-
ture, the first conductive circuit loop is provided on
a first main surface of the supporting structure, the
supporting structure has a bridging portion, and the
additional conductive segment is provided on a sec-
ond main surface of the supporting structure oppo-
site to the first main surface.

17. The radiating element according to any one of
the preceding aspects, in particular aspects 11 to
15, characterized in that the dipole arm of the radi-
ating element is a printed circuit board dipole arm
that comprises a metal pattern printed on a dielectric
substrate, the first conductive circuit loop is printed
on afirst main surface of the dielectric substrate, and
the additional conductive segment is printed on a
second main surface of the dielectric substratre that
is opposite the first main surface.

18. The radiating element according to any one of
the preceding aspects, in particular aspect 1, char-
acterized in that the first conductive circuit loop in-
cludes two conductive paths, the first conductive
path forms a half of the first conductive circuit loop,
the second conductive path forms another half of the
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first conductive circuit loop, and there is a gap be-
tween the first conductive path and the second con-
ductive path.

19. The radiating element according to any one of
the preceding aspects, in particular aspect 1, char-
acterized in that the narrow conductive segment is
configured as a meandered non-linear conductive
segment, and the non-linear conductive segment
acts as a high impedance segment that at least par-
tially interrupts currents in at least one frequency
band outside the operating frequency band of the
radiating element that could otherwise be induced
on the first conductive circuit loop.

20. The radiating element according to any one of
the preceding aspects, in particular aspect 5, char-
acterized in that the additional conductive segment
is configured to be capable of at least partially inter-
rupting currents in at least one frequency band out-
side the operating frequency band of the radiating
element that could otherwise be induced on the sec-
ond conductive circuit loop.

21.Aradiating element, characterized in that a dipole
arm of the radiating element includes a first conduc-
tive circuitloop and a second conductive circuit loop,
wherein the first conductive circuit loop is provided
on a first main surface of a dielectric plate, afirst part
of the second conductive circuit loop is provided on
the first main surface of the dielectric plate, and a
second part of the second conductive circuit loop is
provided on a second main surface of the dielectric
plate.

22. The radiating element according to any one of
the preceding aspects, in particular aspect 21, char-
acterized in that the first part of the second conduc-
tive circuit loop is configured as a common conduc-
tive segment shared with the first conductive circuit
loop.

23. The radiating element according to any one of
the preceding aspects, in particular aspect 21, char-
acterized in that the first conductive circuit loop is
configured as a first resonance circuit, and the sec-
ond conductive circuitloop is configured as a second
resonance circuit, wherein the first resonance circuit
has a resonance frequency smaller than that of the
second resonance circuit.

24. The radiating element according to any one of
the preceding aspects, in particular aspect 21, char-
acterized in that the second part of the second con-
ductive circuit loop includes a first coupling portion,
a second coupling portion, and a conductive seg-
ment connected between the first coupling portion
and the second coupling portion.
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25. The radiating element according to any one of
the preceding aspects, in particular aspect 24, char-
acterized in that the first conductive circuit loop and
the first coupling portion, the conductive segment
connected between the first coupling portion and the
second coupling portion, and the first conductive cir-
cuit loop and the second coupling portion constitute
a capacitance-inductance-capacitance structure.

26. The radiating element according to any one of
the preceding aspects, in particular aspect 21, char-
acterized in that the dipole arm of the radiating ele-
ment is a sheet metal dipole arm, the first conductive
circuit loop is supported on a first main surface of
the dielectric plate, the dielectric plate has a bridging
portion, and the second part of the second conduc-
tive circuit loop is supported on a second main sur-
face of the dielectric plate opposite to the first main
surface so that the second part of the second con-
ductive circuit loop bridges over the first conductive
circuit loop on the second main surface.

27. The radiating element according to any one of
the preceding aspects, in particular aspect 21, char-
acterized in that the dipole arm of the radiating ele-
ment is configured as a printed circuit board dipole
arm that comprises a metal pattern printed on a di-
electric substrate, the first conductive circuit loop is
printed on the first main surface of the dielectric sub-
strate, and the second part of the second conductive
circuit loop is printed on the second main surface of
the dielectric substrate that is opposite the first main
surface.

28. A base station antenna, characterized in that the
base station antenna includes a feed board and the
radiating element according to any one of aspects 1
to 27 mounted on the feed board.

Claims

A radiating element, comprising:

a dipole arm including a first conductive circuit
loop and a second conductive circuit loop which
is at least partially separated from the first con-
ductive circuit loop,

wherein the first conductive circuit loop includes
at least one narrow conductive segment and at
least one wide conductive segment, and
wherein the narrow conductive segment exhibits
high impedance characteristics in at least one
frequency band outside an operating frequency
band of the radiating element so as to at least
partially suppress currents in the at least one
frequency band.
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The radiating element according to claim 1, wherein
the first conductive circuit loop is configured as a first
resonance circuit and the second conductive circuit
loop is configured as a second resonance circuit,
and wherein the first resonance circuit has a reso-
nance frequency different from that of the second
resonance circuit.

The radiating element according to claim 2, wherein
the resonance frequency of the firstresonance circuit
is smaller than the resonance frequency of the sec-
ond resonance circuit.

The radiating element according to any of the pre-
ceding claims, wherein the first conductive circuit
loop and the second conductive circuit loop have a
common conductive segment.

The radiating element according to claim 4, wherein
the dipole arm of the radiating element further in-
cludes an additional conductive segment, and the
additional conductive segment and the common
conductive segment are electrically connected to
form the second conductive circuit loop.

The radiating element according to claim 5, wherein
the additional conductive segment is configured to
short the first conductive circuit loop.

The radiating element according to claim 5 or 6,
wherein the at least one wide conductive segment
comprises first and second wide conductive seg-
ments, and wherein the additional conductive seg-
ment is bridged from the first wide conductive seg-
ment of the first conductive circuit loop to the second
wide conductive segment of the first conductive cir-
cuit loop.

The radiating element according to any of claims 4
to 7, wherein the dipole arm of the radiating element
is a sheet metal dipole arm, the radiating element
further comprising:

a supporting structure, wherein the first conductive
circuit loop and the additional conductive segment
are both provided on a first main surface of the sup-
porting structure.

The radiating element according to claim 8, wherein
the supporting structure has a bridging portion, and
the additional conductive segmentis provided on the
bridging portion.

The radiating element according to any of claims 4
to 9, wherein the dipole arm of the radiating element
is a printed circuit board dipole arm that comprises
a metal pattern printed on a dielectric substrate, and
the first conductive circuit loop and the additional
conductive segment are both printed on a first main
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20
surface of the dielectric substrate.

The radiating element according to any of claims 4
to 10, wherein the dipole arm of the radiating element
further includes at least one additional conductive
segment, and the additional conductive segment
and the common conductive segment are electrically
coupled to form the second conductive circuit loop.

The radiating element according to claim 11, wherein
the additional conductive segment includes a first
coupling portion, a second coupling portion, and a
conductive segment connected between the first
coupling portion and the second coupling portion.

The radiating element according to claim 12, wherein
the at least one wide conductive segment comprises
first and second wide conductive segments, and
wherein the first coupling portion is electrically cou-
pled with the first wide conductive segment, and the
second coupling portion is electrically coupled with
the second wide conductive segment.

The radiating element according to either claim 12
or 13, wherein the first coupling portion is configured
as a first wide segment, the second coupling portion
is configured as a second wide segment, and the
additional conductive segment is configured as a
narrow segment.

The radiating element according to either claim 13
or 14, wherein the first wide conductive segment and
the first coupling portion, the conductive segment
connected between the first coupling portion and the
second coupling portion, and the second wide con-
ductive segment and the second coupling portion
together constitute a capacitance-inductance-ca-
pacitance structure.
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